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Abstract – In this paper, we present a new technique for 
detecting and localising defects in metallic structures, using 
ultrasound non-destructive inspection. This technique consists in 
applying a dual path inspection and the matched filter to a 
stepped frequency-type signal. This new technique is compared 
with classical non-destructive testing approaches. An 
experimental setup is presented that allows us to validate the 
proposed method. 
I. INTRODUCTION 
The detection and localisation of defects in metallic 
structures is a crucial aspect of any industrial endeavour, as 
any malfunction of a piece of equipment will impact 
production capabilities and will become the source of further 
spending in maintenance and repair. Thus, by taking pre-
emptive actions to detect and localise defects in the earliest of 
stages, one can minimize these costs and the impact on 
production activities. 
When using matched filtering, modulated excitation signals 
are commonly used in ultrasound inspection methods, due to 
the advantage of a filtering gain proportional to the 
bandwidth-duration product, with improvements of 12dB to 
18dB for chirps  [linear frequency modulation (FM)], or in the 
range of 4dB to 9dB for non-linear FM and binary codes [1], 
[2]. In this paper we propose to investigate the use of stepped 
frequency modulation in order to further exploit these 
advantages in the ultrasound inspection of metallic structures.  
With this type of signal and the appropriate matched filter 
approach, we also introduced a symmetric path inspection 
method, which consists of inverting the roles of the two 
transducers that were used (the emitter becomes the receiver 
and vice versa), thus having two acquired received signals. 
These two signals will be repeatedly filtered with a time-
frequency mask, which will then become the inputs for a 
matched filtering step in our proposed algorithm.  
The blocks of steel on which the methods were tested 
present the worst case scenario for ultrasound testing: coarse 
grain structure, high attenuation and interference, longitudinal 
defects (parallel to the ultrasound waveform).  
 
Section II will describe the two methods with further details 
(MF and MF-DSPI), in Section III we will present the 
experimental setup and results, followed by the conclusions in 
Section IV. 
 
II. MATCHED FILTERING (MF) AND DUAL SYMMETRIC PATH 
INSPECTION (MF-DSPI) METHODS 
A. Matched Filtering (MF) 
Matched filtering is the preferred and most commonly used 
method for filtering signals with large bandwidth-duration 
product (such as linear frequency modulation, phase 
modulations, etc) and for identifying them in the presence of 
noise - for very low signal to noise ratios [3]. The matched 
filter is a linear time invariant filter, which maximizes the 
receiver SNR. Using the likelihood criterion, such a filter has 
the impulse response h(t), equal to the time-reversed input 
waveform, s(t), [1], [3]: 
݄ሺݐሻ ൌ ݇ · ݏሺ߬ௗ െ ݐሻ                           (1) 
,where k is a gain factor and ߬ௗ is the physical realisation 
generated time shift.  
For the input s(t), the matched filter output is given by 
equation (2): 
ݔሺ߬ሻ ൌ ݇ · ܴ௦௦ሺ߬ െ ߬ௗሻ                        (2) 
,where ܴ௦௦ሺ߬ െ ߬ௗሻ  is the time-shifted auto-correlation of 
the transmitted signal, s(t). In other words, in our ultrasound 
application, the reception consists of several echoes, with the 
same form as the transmitted signals, but attenuated and 
corrupted by noise and false arrivals (interferences, reflections 
by grains, etc). A cross-correlation between the transmitted 
and the received signals will contai
corresponding to the time of arrival of th
ideal situation (in the presence of white n
filter output would be zero in the absence of
present maxima as the echoes arrive. 
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Fig. 4. Block diagram for the MF-DSP
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B. Results for Cavity 1 
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The advantages of this method consist in amplifying the 
useful echoes and in the removal of the false alarm echoes.. In 
the case of the first cavity, it is clear how the defect-generated 
echo is not sufficiently highlighted when using the MF 
method, in comparison to the approach proposed in this paper. 
This is explained by the time-frequency mask that enables the 
precise search of the exact excitation signal pattern that was 
generated by the emitter. 
C. Results for Cavity 2 
 
When using the classic MF method for the second, smallest 
defect, we managed to find only the backwall generated echo, 
with no real sign of the cavity’s presence. Figure 9 shows only 
the expected backwall generated echo, at 36 microseconds. 
 
Fig. 9. MF normalised output, with only the backwall generated echo. 
 
Fig. 10. MF-DSPI normalised output, with only backwall generated echo 
(the two intermediate detection signals). 
 
The MF with stepped frequency modulation was also used, 
with similar results (figure 10): the matched filter gain is not 
sufficient to detect the echo coming from the cavity, because 
of the reduced reflected energy.  
 
Fig. 11. Normalised Final Detection Signal, with the two useful echoes 
(defect generated echo at 29 microseconds). 
 
However, when applying the sliding correlation coefficient 
window criterion, we discovered that the only similar portions 
of the two detection signals correspond the two useful echoes: 
the backwall (at 36 microseconds) and the defect generated 
echoes, detected at 29 microseconds, similar to the real 
position (figure 11). 
IV. CONCLUSIONS 
This paper presents a comparison between the classical MF 
method and a new approach that is a combination of the dual 
symmetric path inspection and the matched filter, with also a 
stepped frequency modulation. We used these two methods to 
detect the useful echoes in the ultrasound inspection of a 
metallic steel block, and to minimize the impact of the false 
alarm echoes.  
 The improvements in terms of results are due to the 
following processing approaches: the symmetric path 
inspection exploits the similarity of useful echoes, the iterative 
time-frequency filtering of the received signal and its 
subsequent matched filtering and, lastly, the imposing of a 
criterion for similarity of useful echoes, consisting of a sliding 
correlation coefficient window. 
The results show how the MF method is limited in a 
medium with high attenuation and in the presence of multiple 
false alarm-generating scatterers (coarse grain structure). The 
proposed approach succeeds in detecting and localising the 
defects, while also limiting the impact of these false alarm 
echoes. Also, choosing a stepped frequency modulated signal 
(and its frequency domain) aims to reduce multiple scattering 
by designing an appropriate time-frequency filter mask. 
In the future works, we focus in the study of more 
advanced modulations and processing. The use of multi-
element transducer arrays is also another direction that will be 
pursued. 
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